SECTICN 5
Conclusigns

To 1improve the -prediction of circulation in bubble columns,' a
theoretical and experimental effort has been undertaken at West Virginia
University. The probiem has been addressed using both probe studies ang
iaser doppler velocimetry, and both-one—dimensiona1 and full numerical models
have been proposed.

For the probe work 2 tall 8 inch diameter bubble column was constructed,
and void distributions were measured with resistance probes. A distributor
plate introduced air evenly over the column base. To acquire data from the
probes, a new khresho1d1ng protocol was developed and verified. Data
gathered at various column heights and gas flowrates showed that the void
distribution was flattened near the distributor plate and became more
parabolic higher in the column. Bubble velocity data proved more difficult
to acquire when two probes were used, and their signals cross-correlated.
Bubbles had‘ tco strong a radial velocity component to permit re11§b1e
vertical velocity measurement. Nevertheless, at the column center, some
reliable bubble velocity data was 'obtained. and the results compared
favorably with velocity calculated from the void profile witht the
one-dimensional model of Clark ei al. (1987).

Cne-dimensional modeling was also extende& to incorporate a drift-flux
model, and it was shown that Co, the distribution parameter, c¢ould be
obtained from the void profile. ‘However,'a briori prediction of holdup was
not possible using this appraach.

During the 1aser Doppler ve]ocimeter (LDV) work, a series of 3-D mean

and fluctuating mean and turbulent velocity measurements have been obtained
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in a labcratory medel bubble column. These data Fave been acguires
nanf1ntru51v&1? through wuze of a thres-componsnt LOY, for vertical asr
Injaction from a single port on the centerlina at Ehe battem of the column.
Mean valocity data confimm the existence of a atrang, teroidal voriex in the
top nalf of the column with a much weaker inwards motion in the bottom half
of the column, These cuantitative data are confirmed by gualitative flow
wisLalizatian. Circumferential mean wvelocity is essentially zarg. The
turtulerce field is pon-isotropic, as exoected, in that radiai RMS veimc1t1e§
ara generally larger than vertical and c<ircumferential AMS velacities.
Turbulence intensitias are on the order of "LO0X throughout the oolumn.

Tha preséﬂt data contribute to the understanding of the devalopment a
Tiguid circutaticn in a bubdle column. Alsc, data are astremely usgfu1 in
the devalopment of reliable numerical models far the turbulent myltiphase
flow in a bubble gcolumn. However, it would be extremely useful to obtain a
similar set of veloc“ty data for a bubble injection distributor plate which
:reéted a uniform distribution of bubbles at thae bottam of the coluwn, The
prasent meassraments could aiso be signifigantly 1mpra&ad tarcugh the
development of LOV alignment procedures to anabls simultaneaus measu-srent of
a1l three wvelcocity .:umnnnants. S0 that Reynolds stresses rcould a'soe be
determined, &s an aic 1in turtylance model deveiopment. While it 18 cartain
that optical penatration into the bubble column by the LOY woyld place “imits
on the magritudes of void fractren for which such data could be shtained,
stiTl- 1t 15 clear that s1anificant improvemsnts cou'd ba made.

Num@rical calculation of the 1igquid circulation inside om fscthermat
catumn reacior was performed 17 two ways: (&) with a prascribed a-prafile

(shape); (b)) with e=distribution calculated from teh transport equation for
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it.

The results indicate that the actual shape of the a-profile is not that
critica] with respect ot the circulation patterns and the ligquid velocity.
The overall magnitude of the void fraction as well as the bubbie-street
diameter seems to be more important.

The predictions including diréct solution for a-distribution lead to a
more realistic circulation pattern compared to experimen;al observations.
The boundary condition for « at the inlet (i.e. the distributor plate) seems
to play a dominant role in determining the overall circulation pattern. A%
this point numer{cai investigations need more input from experimental
investigations. _

The present mathematical mode)l based on the continuum approach and.the
slip velocity re1ation  seems to predict reasonable well the overall
characteristics of the circulation in the bubbly flow regime. However, the
full numerical selution of both the ligquid and Qas phases needs to be further

investigated as well as the flow regimes other than the bubbly flow regime.

251



